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AU ZATION OF TEST

1. The tests herein remorted were authorized by Bureau of Ships
letter, reference (a) and (b). Additional pertinent information was given

in references (¢) to {3) inclusive,

References: (a) BuShips ltr, S67/46 (10-18-DR6) of 23 Oct,

1940 to Director, NRL.

(b) BuShips Ltr, $67/46 (10-18-DR6) of 17 Dec,
1940 to Director, NRL.

(c) BuShips ltr. $67/46 (12-31-DR6) of 9 Jan, 1941 to
Chief of Naval Operations,

(d) Opnav. conf. 1ltr, (SC) S67 op-20-E/AB (063020)
of 6 Sept, 1940 to BuShips,

(e) BuShips confs ltr., $5/567 (9~6-~DR6) of 25 Oct,
19!59 to Opna‘!s

(£) BuShips Ltr. $67/46 (10-18-DR6) of 24 Oct, 1940
to Comdt, NYd. fash.

(g) Comaubrolfor dispaich 131543 of Hov. 1940 to

Conxol for. .
(h) BuShips Ltr, S67/46 (12-31-DR6) of 2 Jan. 1941
o GpnaV.
(1) BuShips Ltr, $67/46 {12-31-DRA) of 15 Feb. 1941
to Upnave

(3J) WNRL Report R-1669.

QBJECT OF TEST

24 The object of the test herein reported vas to investi _ate the
practicabllity of equipping subnearines with mesns and eqQuipument Lo receive
low irecuency tranwmissions while completely submerpged. To ceter.ine this,
it was necessary to make the followin, te ts:

(a) The sipgnal stren.th and signel to noise ratio re-
ceived by various types of antennas at various depths

and for varioms frequencies,

(b) The besttype of coupling device (input transforier and
tuning unit) to transfer the received si_nals {ror. the
antennas to the receiver egquipmait,

In order to ¢btain cther pertinent inforiaiion other tests vere :ade as
followss

(1) Underwater bearin;, of irangiitter by null method,

(2) Q" of loops,.
(3) Effect of Sea bottom on signals,

(4) Tlioise survey of ship,




ARSTRACT OF T3STS

3. Except for the preliminary tests on the coupling transforiner
unit, the tests were performed on board the USS 530, on which ship the

test equipment had bLeen installed, The electrical tests concveted to
ceternine 2, above, were as follows:

{a) Characteristics of loo: input trensformer.

(v) Flectrical charscteristics of antenna systems.

{c) Loop ™M 's and overall "Q® ‘g,

{d) iicrovolts input to loops, microvolts input tc the

recelver, and si:nal to noise ratioc for veriovs depths

. , of submergence for each antenna

{s) The same as {d) for cifierent radloc frecusncies,

(f) The same as (d) for bay water and ocean :ater,

(g) Effect of depth uf ocean bottom on received si_nels.

{h) Directional effect of "Yard" lcop on reccived siznals,

(L) ©Nolse survey of ship's superstructure,

CORFIDENTIAL - 2=



COLCLUSIUHS

(a)

(b)

(c)

The result s of this investigation show thel uncervieter re-
ception of low radio-freguency signals is feesible. ' lth

the equipment used, 3i_nals of 1000 microvolts per weter in
ajr should be readable tc a depth of 34 feet (above loop) in
ocean wator and 38 feet (abeve loop) in water of le ss selinity
{similar to Chesapeale Bay water at Smith's Point). This, as
pointed out by Bureau of Ships (reference (i)} woulc b2 the
approximate depth for usable sig -als from NSS(17.8 Ley) at
2000 miles, predicated on the basis of n¢ atmospherics. rurther
at periscope depths {loop depth 10 feet), a field strength of
enly 30 microvolts per meter in air would be needed for this
sane frequency, which would be a distance for NSS of 7000-8000
nautical miles, again predicated by the absence of static.
These calculations have been made on the basis of 8 one to one
signal to noise ratio and are therefore near the limit of
readable sipgnals; however, as inc¢icated above, static has not
been considered, and will be the limiting factor for sunmer
time conditions and in the tropics and wiil materially reduce
the range for readable si:nals either on the surface or sub-
merged; on the other hand, as indicated below in (c¢), the
ship's noise was the limiting factor, reduction of ihich woula
make for a greater depth of resdabls signal under ideal atmos-
pheric conditione. In considering static as a linitin; factor
it is assumed that the ratio of signal to static vill not ma~
terially change whether reception is acvomplisned Iro. ¢ sub-
merged, cr an above water, loop collector,

The concentrated loops, "Yard! and "Lu¥, although not suzoly-
ing as many microvolts to tne receiver es the clearing line
loops, were more eificaciour vecause of the lower noise level,
The "Yard" loop was the bettur of the two.

‘dth the equipment used, the ship's noise was the liniting
factor for aepth of submer;ence. For a ziven recelver sensi-
tivity (high enoush to produce noise on all loops;, the srounded
Aft. loop had the ;reatest ncise, next Leing the roriard loop,
and then the "Yard" loop, with slightly greater noise than

the “DQM loop. This is as mi;ht be expected, consicering the
relative couplin: of the various loops to the hull, in which
there is lknmovm to be large induced currents, This induced
current could be expected from the use of the powerful d.c,
machinery inaside the hull.  fnother source of this incduced
hull veoltaze mizht possibly be from the electrolytic action
set up by dissimilar metels of the ship v n in salt water,
For instance, the difference in »otentirl vetyreen copoer and
iron in sea water is ,13 volts and hetwcen brass and iron, it
is5 17 volts., Inasimch as the liiting noise vas worse in
the ocean than in the bay, tiere nay be some besis for tnis
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last premise, (+ mipg.t ve possible witli Lioroved positioning
>f a concentrated loop anc with shorter, better shiciaec leads,

to reduce the noise pick-up. Probabiy the nci<e factrr woula
be a problem for each type of suvmarine, if not for each indiviaual
vessel,

(d) The inmut couplin; transiormer is of satic f-ctors cosime Tv

zgives a coupling of about 7C to 85%, whilch, corbinew with its
high "W, cives a very good overall "G¥ and voltare step-up
Tor the whole svsten, It was found that a sli; MU nismatch

of the input impedance (lower impeaance than loou} gave an im-
proved "Q" % step-up ratio with a decreased "M Jf loop, as

in submergence, an improvement <¢f MQ® x stop_oup ratio sdght
be sccured by a better nolybdenurpermalloy core; on the other
hand, a well desimed transformer with a cormercial iron-dust
core misht give somewhat poorer rosults at an apreciable sav-
ing in cost but an iner<ase in slze,

() The depth of sea bottom sevms to have practically nc « f'fect on
the reecived sipgnal strength,

(£) The dirvetional citect of the "Yard" loop (rresumatly the same
with the othcr loops) is quitc pronounceas  Signals from HEL
show a very marked ninimum with the plane of the loop at 90°
from the station btearinze Bearings can be taken with good ac-
cCUracy. In this conmnection, it is tu be notcd that maximum
submergence for a given station can be sccurcd only when the
loop is on the *maximum" of the stetion or within aporoxirotcely
+ 10° or + 180° + 10° of this bearing. The loops on the USS
S-30 werc fixed in position, and mountcd with the plane of loop
parallcl to the longitudinal axis of the ship, It also should
be noted theot it may be possible that the hull of the ship it-
self nay pick up some signal and reflcct this into the leop,
consequently a rotatablc loop cross ways of the ship might not
produce in the recciver the sicnal strength as indicatced in this
report, Even thouzh this were true, a loop plr-cd well ebove
the dcck probably would not be so affectcd becausc of the repid
attcnuation of thic signals by water,

(g) The cxperimc.tal date chocks very well with the theorctieal
attenuation of s :inals with depth for various frequc.cics, The
lowey the frequency, the lower the attenuation.  For the exam-
plc given in (a) above, (1000 microvolts in air iving ¢ loop
depth of 34 feet at 17,8 Key), 6000 microvolts would be rcquired
for thc samc depth at 32.8 Key.

(h) The best physical shape of the loop for undervater rocuption
is not the samc as in air btut is long and narrow, with thc long
side perallcl to the surface of the water, However, the gain
in signal strength over that for a convention2l loop may not be
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worth while because of mechanical cons derations., (Plate 23)
Further loop desizn characteristics were not riede in these tests.
However the loop M.* 13, characteristics, and effectiveness com-
bined with NRL Report R-166G (referencs {(j)) may be used 28 a
starting point in the desicn of the best loop for undervater low
radio-frequency recentions,

i) It is to be noted that no netural static entered into the re-
sulta of the tests,

(3) Sumsry of factors entering into the underwater reception of
low frequency radio signals,

(1) The lower the frequeacy, the greater the submergence
possible for a glven surface field strength,

(2) Bearing of the loope
(3) Location of loop for least ship's noise pick up.

(4) Desi n of loop, includingz " ", effective heizht, and
physical shape.

(5) Design of couplin; unit, including "%, coupliny ratio,
and impedence values,

(6) Ccupling to receiver,



RECO; ; # LATIONS

The tests as herein recorded indicate that the cquipment, &s

installed on the USS 330 is capable of satis{-ctory undervater recoption
of low radio-frequency sipgnals, There are certain immove.ents that
might be made. 'ith this in view, the followin, recommendaticns are iades

(a)

(b)

(d)

{e)

(£)

That underwater reception of low radic-frequency si-nals be

considered as practicable and useful for connmnicpetion LI due
regard is placed on .epth limitations, w-ich are ~overned by
the frequency employed and the field strenith at Lhe smeface,

That in such instelistiong a loop of optinwm clectrical chara-
cteristics comsatible witlh Lhe nocecsary ec mnical featires
be desizned, the Wardh loop bein, used as a reference frow

which to s.arte.

That consideration be :iven to tle desirsbility ol rotating
said loop wotin Uur bLearin, murposes onc {or obLipinia- e maxi-
mue signal strensth without the necessity of turnin. the «hip,

That consideration be given to the desiyn of the input coupling
transformer a3 to whether maximum eificiency must ve had or if
a lower efficiency can be tolerated with a vossible decrease in
the unit cost,

That consideration be ;iven to the input circuit desin ~i the

recceiver used, in order to maintain a high overall "" of the
system, '

That consideration bu given to the possible wmethods of reducing
the interfering "ship's noisen,

e S LEL -
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_ATSRIAL UMLER TEST

bo

(a)

(b)

(¢)

(d)

The material under test consisted of the following: .

One ~ Input couplin:z device. The input coupling unit to the

Hi receiver was essentially a tightly-coupled transforner with
the secondary tuned by a 1000 micromicrofarad variable concen-
ser. In order to .et the most signal atrensth pousivle out of
the loop systems, it was nenessary to keep the . " and coupling
coefficient as high as possible; for this reason high permeability
iron (‘.astern Electric 2-81 ,olybdenum permalloy) was usec as the
transformer core. The primary and secondary consisted of ple
windings alternated to pive s nerr unity couplin; as possible,
Universal-wound litz swwire coils were used, The transforuer

was thoroughly impregnated in Superla “ax.,  The prinary vas
tapped so that an input impedance of either 22 or 114 microhen-
ries could be obtain:d to match the loops. The se:ondary in-
ductance was 303 nil ihenries., Due to the high impedance-ratio,
a reasonably sasll varistle capacitor could e used to tune the
loop, The output of this system coupled to " he ;rid of the
first r.f. tuve of lue P/K, while the ground return 'as made
through a 5 megohm resistor to the grid return oi this tube,

iade by the Naval Reseercii laboratory. (Talles 1 anc 2 enc
Plates 26, 27, and 2C).

One - R'K receiver, Th's was a stencard tyne R'i’, with the
input coupling transicrrer connected to the vrid cof the first
tube. (i'o. RV 46044 Serial 512) !anufactured by P,C.%. (Plate 28)

One - Clearin: line Lloop (crounded to the hull). Relerred to
hereinafter as the i{ft Clearing Line Loop, it was wace of rub-
ber covered wire secured by .arlin line to thc aft clearin; line.
The wire was o, 6 witu epproximately 3/16 inch insvletion (1/2n

.0.D. approx). It was well zrounued to the ship's hull at the

foot of the aft stanchion vhile the "hish" end was brov ht covm
from the clearing line to the re_ular ship's racio lead-in in-
sulator., The azpproximate len:;th was 55 feet with the height

of the high and low ends of the flat top portion being respective-
ly 10 feet and 4 feet above the deck, (Plate 22, Tables 3 and 4)

e - Clearin: line Lsocp (unsrounded) keferred to nereinafter
as the Forward (l'ore) Cleerin;; Line Loop, it was rezular submarine
loop cable secured by norcelain clamps to the forward clearing
line., This was seven conductor No. 10 wire with aporoximately
3/4" rubber insulation, the outside diameter bein- approximately
2 inches, The "high" end was brought down from thc "AM fraumes to
che ship's radio leacd-in insulator vhile the "low" return was
laid along the deck (secured thereto by marlin line) ancd broujght
up through the connin: tower structure to the ship's radio lead-
in insulator. The appro:dnate len;th v:as 69 feet - ith the
heiphts of the hizh end low ends of the flat tep poriion teing




(e)

(1)

recpectively 14 Jeel :nu 5 fent rcove ‘ne ueck, (rlate 23,
Tatle s 5 and 4)

One - "D.M" loop. 1515 was ¢ standard laval Jdirce.ion-rinder
locp mounted on tie starvoard side of the ship just ai't of the
conning tower, This loop is ncwe of 2 turns of stranded vire
(equivalent to A0 = S _azugej, havint a mean dia-eter of 20,5
inches, (Plate 23, Tables 3 and 4).

One - "ard" Icop. U.is loop was made by the itadio Leioratorv
of the ‘¢ashin :ton lavy Yard to the sugpestcc sn-cirlicatias of
the Maval Reccarch Leboratory, it was unr e uv of 21 tvrus of
llos 10 rubber covered wire (,7121 packard czble) in a loop of 21
inches, outside diai.eter, 1l¢ inches - inside ciarneter. This
was »laced inside of a loop shaped box wmede of 1t ozk boards

22 inches in overall cinensions with cross section of 3 - 1/2
inches, This box was placed inside 2 second loop suapeu Lox
made of 1" oak boards, 3C inches in overcil diuensions with a
cross section of 9 inches, The space teiweenvias filled with
Ozite. This loop was mounted siamilerly to the "D " loop but

on the port sice of tihe ship, The Jead-in wires, as in the
"DAM, passed into the conning tower through a specially nade
stuffing box. The lcad~in wires then going throush the conning
tower hatch into the control room and to the receivinz equipment
located on tihe Zyroscoplc compass table. (ilates 23 and-24,
Tables 3, 4 and 5).

1 ETHOL 0; TES

e

The following instruments or svparatus were employed in conduct-

ing the tests described herein:

(a)

(b)
(¢)
(d)

{e)

(£)
6.

Standard Signal CGenerator, General Radio . odel IN C:AG 60064 -
Serial 18,

Output . eter, General fadio Company, 483C -~ o, 92.
Output :‘eter, Ballantine, :odel 300 - llo, 14,
Osciilograph, Dumont, iocel 168 -~ Ho. 927.

wQn seter (liocifiec ior 17 Key.), Boonton Racio Company 100A -
o, 177

Condenser Bank, o, 14, Pattern 1797 - No. 2073,
The loops were installed on the USS §-30 by the Radic Lsboratory

of the ‘.ashinzton Havy Yard. The lead-ins for the "Yaru" and "DQY loops
were brought into the ship throuzh a special stuffing box in the conning
tower, vhile, for those of the cleagring line loops, use was made of the
ship's regular radio lead-in insulators, Cn the 5-30, these are mounted

c
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aft of the connin: ﬁower near the ":" frares, to which the top end of the
clearinz line loops were secured. )Plates 23 and 24).

7e During these tests the US5 5-30 oéeratcd out of . naapolis,
Maryland, £ preliminary test was made on 20 Decemper 1940 to deteruine if
any changes or further equipment were necessary for the tests,

Be Regular terts were made during Janwary and lebruary 1941 as
follows:

(a) January 6~9, Near Smith's Point in Chesapeake Bay, .rea
76° 110 1 between 37° 43" N and 37° 51! i,

(b) January 13-17. Off the Virzinias Capes. Area 76° 11! i
gg; 35" H on a bearin; of 153° for a distance of 25 navtical
es,

{c) February 17-20. Near Smith's Point in Chesaneake Bay., Area
n6° 11! ¥ between 37° 43! Il and 37° 51! 1.

*J8 Tests were nade on specliel transmission Jrom stetions LBA - 24
ley, and NSS - 1544, 17.8 and 3%.8 Ley., as well as tests on these stetions
and on ".CI - 18.4 Kcys. during their repular schedules,

10. 3y means of a swiich on the coupling device, an;- of the loups
could be coupled to the proper input inipedence of the input trans ormer, i
gacond switch made it possible to insert the terminals of the signal cenerato
in the circuit of the loop under test or comnect them directly to the re-
ceiver terminals, This switch also permitted the coupling ol the "j" | eter
to the secondary of the input transformer for muaking secondary ™' peasure-

ments,

11, The "M of the loops was measured, using the "." meter zs a
source of 17 Key. r.f. and the Ballantine ..eter to reasure the inpul and
loop voltages. The "Q" vas telien as the ratic of loop veltage to the input
voltage. . condenser bank of 2 .xicrofarads totel capacitvy was used to tune

the loop to 17 icye

12, An output meter with 60C ohits termination was used to indicate
the stancard output and the nouise level of the receiver, It wns 3100 used
in conjunction with the kil sensitivity control to reasvr. tne gttenuation
of sizn:=1 wvith subnerged depth,

13, It was found in the prelimirarv tests that the hest r criver
(R-:7) adjust.:ent for ell conditicnsws as follovs:

{a) e ., Trirmer -- 50.

(b) Kegeneration Contrcl - 3.

{c) Ve - off,

(d) .r.Tuning - n, 770 - 1300 position 3.

- -
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14, In mesasuring the microvolts to the loop and to the receiver,
readings for a given test (frequency and stotion) were taken for all loops
at a given depth and then for other succeedin_ depths., (See Table 7 for
a condensed sample of readinzs.) Actually the ship, when subnerged, might
not maintain a given depth for all loop readinzs so that the actual denth
was recorded when adjustments of the receiver were nade, The complete
list of readings taken are as follows: Date snd Tine; Tearing; Signel Identi-
fication; Signal Irequency; Tuning init - Selector Switch (Loop), and Tial
Setting; Receiver-Band, irequency Disgl, Regzeneration Control, Sensitivity
Control, R.F, Trimmer, and A.F. Tuning; Output-:iznal and floise on Tuning,
Noise only on tuning, Signal and licise with Se. Ge in Primary =nd Noise only
with S, G. in Primary; Signal Generator-Primary Reading snd sctial micro-
volis and receiver reading and actual microvolts; Location of submarineg
"Q" i eter - Secondary "OW, Capacity and "W" leter Dial,

15, Though the methoa used in 14, above, vould give the attenuation
of signal with depth, separate dives were also made in vhich the output
signal was read an the output meter for every 2-foot cepth from the surface
down to the limiting noise level, 1lhen the output volts dropped off by an
ordsr of 10, the sensitivity of the receiver i\:as readjusted so that the run
could be continued. In calculatin_ the result ant output the noise volts
were subtracted from the signal and noilse reading.

16, In the test of the eff:ct of the sea bottom, the ship traveled
al & conztent submerged depth (weriscope depth + 2 ft., loop depth 9 + 2 ft.)
for a distance of 25 nautical miles which covered a sea bottom depth of 20
to 500 fathoms, Output meter readings were talen continuously, the sub-
merged depth being recorded for sach reading.

.17' In testing for the Learing of *he transmitting stetion, the
ship was moved through a 360° arc,

ig, £ noise survey was mede of the ship's superstructure bv utiliz-
ing a loop, connected by a lon; two wire shielded microphone catle, to the
input couplinz transformer., The test loop was coudsled as closely as pos-
sible to the metal of the deck and superstructure to determine sny particu-
lar noise spot. 1In this tsst varicus s=peeds (electric drive) were tried,
£lso during actual diving operations, a test of noise was made uncer c¢if-
ferent actual diving procedure.

RaTs RECORDED
19. Complete data were recorded for all tests conducted, This in-
fonuation is contained in Tables 1 to 8 and Plates 1 to 28, inclusive.
204 Submerged depth + 1
licrovolts received Signal ¢ 10%
Signal /Noise ratio + 10%
Output lieter Reading + 107
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RESULTS Q1 TEST

2, iicrovolts to the recejver with subuergence depth, The clear-
inz line loops, due to their large size, supplied a greater value of nicro-
volts to tihe receiver than the small concentrated loops; however, ave to
the greater noise pick~up in the cleariny line loops, reception of signals
was not as satisfactory at as g:jat depths as on the small loops. This was
true both in the bay and ocean. Unfortunately, in the ocean tests, the
ship's batteries were low so that the receiver voltage was down 303, &4
later check indicated that, with norual voltage, the mocrovolts to the re-
ceiver should be increased by 14% with no increase in the siznal/moise
ratio. The result s for the ocean tests have been corrected for this, The
limiting noise was of two main types - comrmtator noise and crashes, The
commtator noise wag present only occasionally while the crashes were present
on high receiver sensitivity on the clcarin; line loops and to & lesser ex-
tent on the small loops., (See vietes 1 to 11, inclusive.)

22, Field Strensth in fir with Depth of Pece’'r:skle Si:nals. These
curves were caiculated froi: Flat 8 1 to 11, inelus’vz. ond from the lmown
field strength of NB\ in Chesap=ake Lay, assuminz a pcrsible reedable signal
havin; a 1 to 1 signal to noise ratio, (Plates 14 to 19, inclusive).

23 Exper: £ of of the Theoretical Attenuation. The experi-
wentsl results of attenuation with depth and frequency check vithin experi-
inentsl error with the theory (reference (j)). (Plates 12 and 13).

2%, The effect of the depth o' the sea bottom. The depth of the
sea bottou seems to have practically no effect on the streagth of the signals.

(Plates 2C and 21).

25, Determination of Station Bearing by "Swinging" the loop sntenna.

% test of the bearini of NB:H with the "Yard" loop, both on the surface and
at periscove depth (13' to loop, 45' to keel) checks perfectly witii tue true
bearing and is indicet.d by a very sharp winimum, (Plate 22)

26, Test of VFor ard Clesrin-. line Ioop. In order to determine the

best type of clearin; line loop, meesurements were mede of ricrovolts input
to tue receiver with the Forward Clearing Line Loop as originallv installed,
vith the loop cut and grounded to the hnll at the forwerd end, and with the
loop cut and left open at the top of the forward stanchion, Best results
were had in the original method as more noise and less siznal were received
in the other cases. "~hen used open as aflat top antenna the siznal strength
was dovm to one tenth of the orizinal., However, in this latter case, proper
natching was not obtainable; when connected directly to the receiver vithout
the loop transformer, no signals could be hear: at 60 feet (keel denth, 27
feet, loop depth), (Table 7).

27 Noise Survey. . test was carried out to try to determine the
source of tie ship's noise but this was inconclusive in results, .. test

loon, connected to the receiving equipment ty a two wire shielded line, was

C . FIDENTIAL



carried abor on the ship's decl and superstiuciture, il was couplied as
cleoscly as npo-sible to tie .:etal structure Lut no chian_e in noise was noted
Yor various positions on this stiucture or vith various speeds (electric
drivej, .. further test with the loop closely coupled to the inside of the
hull ~ras nade during a dive, “ith the receiver adiusted to ~ive over one
helf volt, of neoise, no change was noted during various divin: operaticns,
The.e operations included various seeds, operation o diviny vanes, -nera-
“lon of st-erin, rudder motor, oneration ol ballast pumps, and a complete
stop of all equimment, The --irin;, of tiiis ship is very old anc¢ continuous
checking ie nade to eliminate exiraneous "srounds" censequently as none of
t..e tevere "ecras.aes", obtained in the occan tesis, were preset it may be
nossible that these crashes arose [{rom some intermittent Y_rounct, iiowever,
i% is f'elt that the results s in:icated above are not coanclusive in any
vay. (Teble 8).

284 Theorelical considerations of the desim of » loop for uncer-
~aler reception su__ested by ref:rince (j) indicate that a narrow Loop with
its lonz side parallel to tiwe water surface is best. ™Thiis 1s wore sro-
nounced the larger the loop.  (eference (j) md Plate 2u).
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COCLUSTONS -

29, The results of this inveatigstion show that underwater recep—
tion of low radio~frequency signsls is feasible, Tith the equipment used,
signals of 1000 microvolts per meter in air should be readable to a depth
of 34 feet (above loop) in ocsan water snd 38 feet (above loop) in water
of less salinity (similar io Chesapeske Day water at Smith's Point), This,
as pointed out by Bureau of Ships (reference (1)) would be the approximate
depth for usable signal from NSS (17.8 Key) at 2000 miles, predicated on
the basis of no atmospherics, lurther, at periscope depths (loop depth
10 feet), a field strength of only 30 microvolts per meter in air would be
needed for this same frequency, which would be a distance for NSS of 7000-
8000 nautical miles, again predicated by the sbsence of static, These
calculations have been made on the basis of a one to one signal to noise
ratio and are therefore near the limit of readsble signals; however, as
indicated above, static has not been considered, and will be the limiting
factor for summer time conditions and in the tropics and will materially
reduce the range for readeble signals either on the surface or submerged;
on the other hand, as indicated below in 31, the ship's noise was the
Jimitin: factor, reduction of which would make for s greater depth of
readable signal under ldeal atmospheric conditions. In considering static
85 a limiting factor it is assumed that the ratio of signal to static will
not materislly chanze whether reception is sccomplished from a submerged,
or an above water, loop collector,.

30. The concentrated loops, "Yard" and YDQ", although not supply-
ing a& many microvolts to the receiver as the clearing line locps, were
more aflicacicus bacause of the lower noise level, The "Yard" loop was

the better of the two.

31, viith the equipment used, the ship's noice was the liniting
factor for depth of submergence, [or a given receiver sensitivity (high
enouzh to produce noise on 3ll loops), the grounded Aft. loop had the
greatest noise, next being the Yorv:ard loop, and then the "Yard loop, with
slightly greater noise than the "L.." loop. Thic is8 a5 mi-ht be expected,
considering the relative couplin- of the various loops to the hull, in
“mch there is lmown to be larze induced currents. This induced current
could be expected from the use of the powerful d.c. machinery inside the
hull,. Another sourca of this induced hull voltage i ht possibly be ifrom
the electrolytic action set ip by dissludilar metals of the chip when in
salt water, For instance, the difference in potential between copper and
iron in sea water is .13 volts and between brass anc iron, it is ,17 volts,
Inastuch as the limiting noise was worse in the ocean than in the bay,
there may be some basis for this last prenise, It might be po-sible with
improved positioning of a concertrated loop and with shorter, better
shielded leads, to reduce the noise pick-up. Probably tiie noise factoer
would be a problem for each type of submarine, if not lor ench individual

vessel,

Za The input couplin, transforier 1s of satisf{-ctory aesi n. It

4ves a couplin; of =bout 70 to 857, which, corbinec with its hi:h " 1,
sives a very good overall ™" and volte;e step-up for tie whole systen,




It was fornd that a slizht iamnteh of the input impecance (lover i1 pecance
than loop) gave an ilmproved "} .: step up retic with a decreased "t of
loop, as in submerzgernce, ;n improvenent, of W:M x step up rotio mirht be
secur:d by a better molybdenum-permalloy core; on the other hand, a vell
desi ned transformer with a comuercial iron-dust core qight _ive scopevhat
poorer results at an apprecisble savin: in cost but an increase in size,

, 33. The depth of sea bottor: seems to have practically no eifect on
tie received si;nal stiren;th,

3 The directional effect of the "Yarch loop (presw.sbly the same
vrith the other loops) is quite pronounced. 3i¢nals from i show a very
zarked vdnimum vith the plane of the loop at 90° from the station bearinz.
Bearin;s cen be talien with good eccurecy. In this connuetion, it is to
be noted that maximum submeri ence for s :iven station can be secured only
when tae loop is on the Mmaximum" of the station or within anproxi:ately
+ 10° or + 180° + 10° of this bearin,. The loops on the ULS i~30 were
fixed in position, and imounted vriih the plane of loop parallel to the lonzi-
tudinal axis of the ship. It also shouwld be noted that it may be possible
that the hull of the ship itsels may pick up some si_nal and reflect this
into the loop, consequently a rotatable loop cross vays of the ship mi ht
not produce in the receiver the si_nal strensth as inaicated in ihis report.
Lven “hough this were true, a loop placed well above the deck probebly vould
not be so affected because of the rapid attenuation of the si_nals by water,

35 The experimental data checks very well with the theoretical
sttenuation of signals with depth for various frequencies. The lower the
frequeacy, the lower the attenuation, For the example ;iven in (a) ebove,
(1000 microvolts in air givinz = loop depth of 34 feet at 17.6 Lcy), 6000
ricrovolts would be required for the same depth at 32.8 Icy.

. 36. The best physical shape o the loop for underwater recspiion
is not the same as in air but is lon, enc narrow, vith the lon-; side par-
allel to the surface of the water, liowever, the ein in si;nal strenjth
over that for a conventional loop may not be worth while because of iie-
cisnical consgiderations. (Pate 23) Further loop desin charecteristics
were not made in these tests, iowever the loop '." 's, characteristics,
anc efiectiveness combined with iltL Report R-1669 (reference (3)) ray be
used as a startin, point in the desi n of the best loop ror undervater low
radio-frequeacy receptions, :

37 It is to be noted that no natural static entered into tne re-
sults of the tests,

38. Suzaary of factors enterin into the uncerwater recenticn of
low freque.ncy redio signals

(a) The lower the frequency, the zreater the suimner,ence
possible for a ;iven surface field strength,

(b) Dearing of the loop.
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(¢) Location of loop for leasst slip's noice nicl up,

(da) Design of loop, incluvdin, " ", eifective hei;ht, end
physical shape.

(e) Decizn of coupliing unit, including "V, couniiag retio,
and impedance values,

(1) Couplingz to receiver,

COUFITE TIaL
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TABLY 1

Electrical Constants of Loop Input Transforuer

ngn M Coefficient

Transformer Resistance Inductance 1000 17 of
Section Connections Chns Microhenries Cycles Kcy _ Couplin.:

A 1-2 . 080 114 7.2 47 . R58

1"'3 . OAO 22 2 . 4 — . 71

2"3 . OAO "l 4 . 3 28 . 744

B 1-2 . 060 114 7.0 L6 . 865

1"3 - 037 22 2 . 5 e . 715

A+ 1-2+1-2 4,28 15 72 .89

Secondary 75.2 303 milli-

henries 27 105

wiote: Section A 1-3 used for low impedance loops ("D, etc.) and Section A 1-2

used for hither impedance {"Yard" loop)

TAJLE 2

Yeasurement of "Q" x Step--up Ratio at 17 Key.

Transformer Pri. Inductance "Q" x Step-up Ratio Res. Added
liicrohenries Mo. added R, R Added Qhms
n ¥
Simulating
Loop
Lof 428 6&D 190 5
114 670 300 5
41 500 320 5
22 380 300 5
123 114 1200 440 1
41+ 1160 600 1
22 1100 640 1
44 41 1680 £80 153
114 1000 480 1/}
22 1560 720 1/3

#Condition used in Tests on USS - S-30
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TABLE 3
Electrieal Constants of lLoops on USS S~30

Resistance to

Inductance Ground
Loop Microhenries Megohms
"Yard" 550 1400 - 1800
"pen 90 5000 - 8000+
Aft. CL. {grounded) 45
For. CL. 70 4,2
TABLE 4

"Q" of Loops on USS S-30

lcop nQw tffective Secondary nQu#*
Air Submerged Air Subnerged
Bay Ocean Bay Ocean
nysrdh 4 s 43 60 50 45
npon 6.7 5.4 3.7 30 20 ~
Aft CL(gr.) 11 e 3.3 40 - -
For. CL 16 7.85 7 50 30 20

#lleasured in secondary of couplin- transformer. Readings below 30
viere estimated. -- Reazdin-s too low to measure.

lo readinsg taken.

TABLE 5
"Q" of Yard Loop with Submerged Dep’.:
(Bay Water)
Loop Depth 2
Feet
Surface 70
O 55 + 5
A 50
9! 43
10 47
10 50

# javes breakins over loop.
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Depth
Gaure
(Depth
to keel)

faat

Surface

3288086882 1:382-a

Loop

?!Yardﬂ
upQy
ACL
FCL
tYard®
nmu
ACL
FCL
nyard"
npQe
ACL
FCL
®Yard®
L AL
ACL
FCL

Sengi-
tivity
Readiny

€.3
8.5
6
6.1
6.8
9.0
8.3
8.0
9.2,
9.6

8.3
9.8
10.0

9.0

R N el el -
*

Sample Set of R adings

Qutput

Siz. +
noise
on
tunin-
Yolts

[ ] [ ] L ] . L] [ ] [ ] [ ] !r
0 10 \0 18\ 0 \D DD D

.« ® 2
=D \D

1.9

No signals any loop

CONFIDENTILAL

Moise
only

Volts

0
0
0
0
-3
.l
o7
.1
3
.2
o1
-8
3

b

TABLE 6

Sir. +
noise
S.G. Noise
in Sec.only
Volts Volts
1.73 0
1.8 0
1.75 0
1.76 0
1.7 2
1.65 1
1.7 6
1.8 2
1.8 .3
1.75 1
1.8 )
1.8 .7
7 3
1.7 3

Sisnal Generator

Primary
Actual
Micro-
Readin~ wolts

Secondary

Actual
l'iero-

Readinz wvolts

§30 4.05
280 1.22
6500 28.3
5300 23.1
270 1.1€
130 .57
400 1.74
450 1.91
63 27
20 .087
340 1.48
14 061
‘ L] 017
55 024,

2300
1400
95000
€8000
670
550
2000
2000
310
9%
2300
51

18

370

1150
00
15800
16300
335
225
1000
1000
155
48
1150
25

9

185



'“5.4'.':3&' v z

Result of rhanges in Forward Clearing Line Loop
('CT. bt 18.4 l:c- in hy -— 3681'11’1{; OO)

Depth Sensi- Output "icrovolis
Loop to keel to loop tivity Sigz. : Hoise Noise To To
fest feet Reacinz volts nly  loop Receiver
Complete Ioop 40 7 647 1.9 0 2342 8150 %
60 27 7e3 1.9 ol 4435 1300
' 70 37 748 1.9 o2 435 1100
Gut and grounded 40 7 Tel 1.9 0 10,9 4700
60 27 8,0 1,9 3 2,61 600
70 37 8,3 1.9 .8 .78 400
Cut and open A 7 8.1 1.9 W15 - - 500
60 27 8.8 1,9 9 - - 120

# Keying dots

Notes ‘idth open loop comnactew t¢ secondary of transforer
{zrid of tube) no signal obtained &t 60 feet (to keel).

T/, 8
Noige Survey

Test loop Outside

Receiver
Sensitivity Operation Qutput Remarks
G. Slow speead o7 )} Dame over 211 parts
e Normal speed .7 ) of deck and superstructure
Test loop Inside #
9. Normal specd 6 - 9
9. ¥oat speed O = 9
9 Stop 9
Qe Slow speed b - L9
9, Trim pumps 6 = 9
9 Diving vanes b~ W9

% Clos2ly coupled to metz1 hull.

GGk IDENTL.L



LAY

cx»?a:yff Yo 2 G/Am}

o FOR
|  MULEA c/,f:/v/.f'/vr JOF @, e sz UP /P///f’
A - T T ———7-—'-———-— i ‘ =
PR LI k'k . . . .
N SR S (e e
/ ‘.1 L. i *—“‘—r— - . _r},‘_.:' - .
o _ i Aﬁ , . . —
| &__WA/ %4 Aoﬂfﬁﬁ’*‘
R Q (——--mo--q-—* M-
- U sEC I
m, ' ] © S A
- 0--‘““ s ] I
. T USED TC . R :
AFPROX/MATE LR N i
J‘f.' & Vd“’w(ﬁ_-J
. : | rf,é-w//i/;ms" e T
[ 'd','_ . P . - o - : ,;_,',‘¥ ,,‘" V .
- asg.b 70 S /ZA TE RELYC :.a Q R swf "f"_/_.r‘fé“ﬁc&' _ 'T
- L B w / Y e L} t‘
\ Al . B . ‘ ~q
v ’ ‘L
r e
e e ' . .
=



700

LA o

;
| ) |
- .\ 7 a
[ Y / ! . ﬁ ’
' | +
L « i - & k3 B 1y Nl . - v &
e i . = "y Eof el oo i O i i 4 B &0 |5 , —
SRR 41 sERC i : e st 3 ,. ﬁ =
e s b e R : . SEaS : RS oo PR
AR : SR E IR LR A oot bt O I 550 Y S0 B R ok TR Kroes e s e ot B o o oy Tt
; L1 [ A e e S R R et eaim et oo Ak =3 i SRR
; T t - . + 11 : G + ¥
IER IR TR} 4313 i 5 o £ 9 0 0 s vl el e 1 £ e S B o L2 el AT
o e L R e e e e e SV aiREns
P SIRSS IR i~ HFR AT s T T
s, - of 1 T —Firt -3 s (3 =5 0 g ek 5.4 4 5 e 17
.2 DI BIEE S = a k2 CE s KN ERR
R R e B O Rt ST St B 1= ) e i e & - VN i
J B Mu.v IR R s e s R R R %...-.Wf -
14 i : ] EB S R S ] o1- -4 1S .
=D W ”w ? . — — - - - t
k . b ER IS 5 U e 1 INEE AT : D
§E~- BE INE IR ENE SEHHATE vy HEREE
\AH” y U* i E ” TEPITE -} ] TR ET i S I + M - it ]
- ” N . " HJ,TJ + b ) ! OSSO -
e 3 ECCHY iy i I EE N
Vi _ i 14447 ] : e
PRI S OB I O : g LIRS R S
N g 1 {14 b
el S <! | s R
o - ; 1 % ISR
H S gt -]
T :
3 !
SN

TCRIVAL

LB 20
(a.gr?*rf

Jos SN
&
HM

4 -+ iE

“ g i i. .E;.llw..s 1 » W
: ES. OESNBEEE IR B E
XY i e e
g SR o 14

.‘ 41 =

R s S : =

I sl Sl O of 08 & I

= SRR O JENN
o - 1= -4 + : -+
w#.rl

T

ﬁ.;-l-:-i;.%#;"

20

FALFO TS

~

R nr Swell v : [ i b 5
CiTE 1.3 4] S b fotnd Sy 1 s
g ey < R —3 1 ] - — 4 = .
e R I 4 -1 e T ! e
3 J- [ L - E S UE S eur L
.l PONN A anily S 5 s B G 0 AN B fndefin T i
1] RIS S QO S Y :
| i i SRR - oHe T o
‘ oy = IS B St S =L ST IR
p S S I — b e P I IS H 3 -
. e s - .,. —4-3. ] J—7 - SPS— ' B i
il o= -1 : . g -+ . 4 1 - : T
- : K RO I8 2 cE 5 S SR s S & il e : ‘u
X 7 Y S & ER 407 i
+ + i ot S e
- - 5 : S 4+ Bl B
. _ K s + - 1 i e + o ,o
L 4 PR SY RN BES N
- . ! + . T N
T s g o o 1N , T :
] ; A RRE IS S = il e SR SRS R I K- ‘
L ] — - —vx — 14“,:.,. » —— P Tea— I IM. H .
: } ] ‘
S R EE ST T T RS
A [] B S Ot e LTIl o H g v
N jamny 2 R A S o o oLt i 11 T r
; i k3 ¢ 1

&0

60 |
SUBMARINE DEPTH IN FEET (TO KEEL)

20

-

3




- ) - i I -
s ' e o3 : i H )
LAy L ¥ F v . H » . 2
. ¢ e ! J ! ;
_ < ¥ 't r - . e ' '
K / { . ST g S = P .-
— > Eoa T o
‘. : AE3 »53 c..ﬂul....ll.v.l..llnﬁ y . ;ﬂw e T . L% B 0 i r©
i 3 = — 3t ' N vl 3 i A 'y A T
. b 3 T3 F 5% e I 8 g e ot o . i O st
A i i A a3 e T i
- 3 - -
iy L ) o o S0 g G : ,
: s .y i . ! ] g
\ s e - = R T 3] =y .
T i 4 = ST < an - PR SR
. =}
JE St i N Ry ] 3 - 2 b = -~
R ERGERBEE ST ] S i Em g S e R T AR E gz h =]

ISESIdES ] T ol e 0k ol et e —t S 5 Q \/h/
T = v T N S TR EE e s Tt +—+—1Q :
T1 b IR g o : i Y it s I T gy S b ; F3-f oy tion SN SSE S F_ !
: ,
LT WS - Ll P ] 37 :
o ++ - 4+ 1- =T =1 - =
. RS RS e 318 g % o e FE H N
- SERE ELEL I 6 o8 1 e 1 ol O ot e e it 4 8 4 7. o
H 1T e S EER :; 5
) o B¢ ol e 81 - = o g . R

APSRINEN

0

f
i
X
|
!
4
ey 3
T
I
L
1

' .
,,iLA
i
il
i,

o fui R

E
31
N
41

Lt
Ll P RS
]

L )
1
i
'

IR
e
i
i
I
1
1
e
i
A

1
ans o B |\lta
1
|
1
LN
Sruia
1
|
i
%
H
|
!
T
t
]
:
T
+
I
T

Hi- o B b s g o Fi - -
FH SE)izsomiedets g -9 _
IE R AR g {2 S g & Wi ‘ Wy
. : .J 4~ - e : 4y
S E B At F pE .
,; ] T.HFTLN,..‘! _ 1414 -4 FI3" F ;
a . . g 23 EMERE N
=B =B G S LA i ] #1110 2
= 1) 150 A g B ey fhar e Soathubont B £ 2y w7 04 Bl il i = Bt - ~
] S e o i, Sl ‘wﬁ..f B e s il P Shytuin 4 H
. HF 4 e e R e raas AT 42 K
SRR & w5 . I " oA o b g o o i o e A L 11 | 1% q -
F}- =4~ - Y iR ﬁ =4 I ] ,_, N
g5 B o L R T 1 B S eOR B = P72 R e e a4 5 K ; :
. w &J: J._.VM? el vt oo A o 9 g A i a 1 A =
\ AR RISt oS s e e «
W:
&
m,.
q
“

o ) IS T - 5 -
HH - s SN ¥ [ A WA QU SR 0N R -— g W P ap Sy TR ST + 1.4 —4 <
TR e B .u [ T TR I o N NN S G [ WO S . Y D G S u_l ..Jﬁ B BER -
1+ R et 1o e ~1-1. -+ . 1 41 rw‘itnﬂ J-k -4 .. 3
R T R ] i i N i e — S SPe RS WP O Ry WO N b 44— AN S . & }m
T — o i ol 30 I -y et -1+ = - - — -1 3-37 e — 3T - ;
: - H.r_.,“ : I ol 5 S (O S i = Bt o i B DT B ek e . iy ] ¥ = 5 g i M
P g SUs  JIE SRRUSRNP S N o B 5 JE Py W U - B oo S A £ W) S . N -
. — 1;4 et 1 1 be l.ir 14 b1 - > .ilww A_uis._zl. o+
Y S iy o8 gy iy — o 4+ R 3 o od k= . M —— = o ~f 4 } R = —
- w - 3z - . e R o mngll mpeingl weapiba i 3 - i 48 16 o s B -ﬁn
- W.n M+ et ] [E DU 5 S YR g A8 ¥ - -1 — oyt g -4 4 - -4
- rH p— —— - .»*. iy -4 -§ — - - LE } 444 3 b DU P B Sy (. S G
+++ T
S D A, — e —1-3-] JE i Np e it i —3 : ; 4 S S JE g T3 3—F
gt sy gy PSRtk A 0 A (s ot i ol ot 4 gl G 3w U iy oy 1 - S HAF VS -]
R D i e s S e RS g : PR ; - FHEER AT —144
- I R I e Bt & b Pl it St Chineg e Iy 3 B JECO T 4 1 ~ 4 .
- PRIV nm RS N U N G SN BV RS L i1+ g et 45T T35 1 g - . 19
: e — - Y] I..l—\ — -4 - Irﬁl AT T T - o s Rl ) 3 H 4
LIS b o MR A —— B W - R S RN S SR RN . P W S - L b -
PN Iy nubinen o 08 o ol el 5 o 5 o e 3 o phun guidiny o [ 55 S 6 0 883y o ol Sngt g B 5 0 0 ol
[} S SV VUG N A Y S MR g FH—i{—F — - I Ui g guuha g B £ ¢ . & S G T —1T
i ; f —- - 8 — 5= t -4 ..lI.ﬁ! B o b —— b — B e s B - =1 --- - +1 1
e s ~ - u..n.uﬁ <3 - - +. . -1 - — + e - [ PG G - r e
P i— Sy S S FE SR 4 ——— L A i - X s, Tt s e e I T byt

R | W

/- o - e |\yzmzody oL SL7ONOYOIW |

¢ -
. e

c i . o T, . . L e ; v

. e

’
]
A T .
o -v,,
.
4]

i
H
«
. i « 3 . . 4 . " .
- At mtuﬂn..ru‘uhhii ‘OQOMHEQN DN CANYAWOD NOOH quDUk : ", ‘ ! L, N M




/00

“80

)

£0

[3 T TR e Ty ml I NN N W N D N H [ - 1 Y- )
] M - 1 T ‘_m i w.l. H
h e IR B S 3F wng Sl dgiont o 3% 5.5 okt 1 - A 1T ]
M1 : 771 G P T vS 5 O ro e e e i s T
4. g [0 QS N X4 =
r 1 IR aEn Nnga 1o & 65 g JE
— H i i ey o R
4 H —+ 34+ ——if e 4 44—
. e B e B e St 22 L
TF 1 T [ Y B g - B 7 '
B s e T e H
B %l 0= ST [ Iy e S S 0 40 T D e i =
R 1 4 et o i G0 B B B e by b ks Rt 3¢ 4 o [ toin 09 ]
i | - - PL:H. T;\ jm e fe f= . S - Ifu_
L T - s S [ e S S SRR iy n 1
N b ~ a ;rlr 1T|.L.r WATL — = + =y ,.ﬁ.‘
: Sy N S AN § S e g e o o v 3 o (8 1§
u 4 el 14 - . b - [ 50 T Mok Snim "
M RO T ! gs 1
CENTRS - Yraem et ~E - +
Vo] e T ROL N 00 (30 5 e i oo V') e el ismunmutl o B 40 g1 Kt % b p
PoETY e o U AR £ I s i e h o v s et & 1 5 Tk et -
i S o o o T apees pum g g A i s e ST PR
i - 00 S 0 0 e s o st Sl 4 - nﬁ.
4 F] : e a
; 4] -
! s ot 0
e ~1373
! H . -
= 171
b4 S 4
4 g Y
» + a5 o
| - @ - -J - 1.4
T b & & b
: 00 . G 1 —— u_ e . -
i S o ol - e 1B i I
| sk e 4 ,
AT it
> 1 49 :
i >l p . -
; AR NS Sn m 3 EE ,w : ;
| T B - 9
_ ] | -} ] " - -4t 3 z Wu. N i
; . 43 el e Y - AR SA A g » . % .
- o il ) e = b = - NEEmars
; S I o o S R g al el o i J3F 1714
PSS S RERBY o L EIR B e e DR R o 2 S B B o i ot 1 EEES
[N o e G E ol S ke W ngie dnlina feniliious w0 0 vt V : - f']
T 1T - b
B I - R R
I 11 - 1
{311 ~ - .
,iﬁ ! KR
- H
- ¥ Mk
H EE=rh 1
U . RAM. - B
hinl>- S0 BE .
i1 P A i g i - Ao b g
TR S Sl ipes ot S = = s e 45 05 o S s o
w313 B . T s Yty ey ] ooy et N G . Sl S
iy SR sy S ot e b REe R il o = LT
= 3
- ~ “~ .
i R « - SULTOAQKOUW "
. \
! v f
! o - ’ . .
£ ! .- ¢ . N »

.

i
!

SUBMARINE DEPTH IN FEET

4

(70 KEEL)

s

PLATE 3 |



b

i

s

LI

|

e

[SEE I &
|

i

Y

Yo

g
!

T

i

7

'

+
+

AR D

SO

100

JF_',_‘.“
at
L

I

[

A \rgrl%tl-.ml -

LT f
S T

s B St R
'R Sirgoms
= -

1]

|
oo

i

".‘\“‘7

4 o

e

s

[y

AT

Tl

N

o s

1

i

P

o

jien:

e em
i
i

!

.

L

‘_'Jr .

[ S

I .

-

{

1o

4+
b

t

i

60

i

I\ ':,.47
L

e

HPEEEE

1+
A

N O P

[P S

e

N

I

gy ey

\

theasd

e\

4o

T

SUBMARINE DEPTH IN FEET

st

e

]

“

oo

[

._T‘-’..\,.‘

F
141

m_{»*

i

T

Pl

I

SANES

L A1

ety
7~fI$*:-—J

ii
e

-
T

gt

SANR

NRIVSEYA "QOCMUON

"DNE ANYENOD HOOX X34

,,.,. ,
YIAITOFY OL SLTOAOYIIW

- 3

PLATE &

(70 KEEL)
®




)00

go

40

i

m
. ﬁ ! Y
. : : | .
* K ¥ -
: A |
. , " !
. - - ; N ] |
i v
o —T— lTl»rﬁnnyi - 5 o gl
e H T ‘ S
) o o P ey wpnts v I 10 O o
R SN wm 3 - 1 P
- e I S
e S -4 4 + o ] 4
b N ealils it 3
-1 — 1T _
N 5 0 A W
- = ] I
B A - - . a: 5
. M it f
,
» r 1
[ UV S - 41 -]
SO S , e p g i
4 1 : B S g !
" SO [ i S R NN S - —— ] 4 — .
" i —1— - Tl ~— - L S fant 141 11 +
N S ey O ¥ 10 it i I 171 - ! s TAIT LTI
S gy avpniny IF g pps g 1153 : N [ s i iy R .
lﬁ..t, SRS R I o % i - H—r—-+{ 4+ 13 —+ + - -5 - 44
e o | 550 [y el o gt iy o B i i Ol il ] Thrir
. pie s = S I Ak riuf Bl 3 & 13 1.3 SN ) O O S o 5 0
J —f—-q L - -5 [ N 4 o i n — —4+4 -4
PO I Ut RS R QN (g 0 [ P S g 3 198 P 8 e T —— -1 -
E s iy [N (4 iy S Sy A A s e Gk r 3 R v o 6 I B B 66 S0
S e R & S oo o S o vri 1 oy 4 - b 4* palln a T
- - — - e - — s ad e — . - - -4 H
Jls g [ R g i o il 08 ol ek, e v i 2 o o o . p e 1. PR o B q
Pl S Bt g nul G il A P 2k i ikt il S 0 O O o 134 1 1
e LI TR T [N Gurin p S’ - g yt Ul S 30 . N T Wty s Tia1 ]
i 137 | . s 1711 i T v S O I B
" - 4131 b T D S R qF .
et~ —— ¢ T L HT - -3 - '
e B — + S8 N, 4 44—
I (i v 4 i o o S g
BRIEE S i 30 45 [ (0 ) f SV o= ubtls Rdari e AR W DSl B P o
4 o T S N G FINE) I OB Gy Jy TN
- P S N5 SN W 5 - 4
g thptinSRy - i -
o 114 DILT LA g i =]
pun die ] 28 i . . : ]
; F 3 e T e o S S 0 O . o s sl . WS I e O, e 7
4 . +4- H; o+ 20 o e — 4 -4~ .J[._ll_. b . —=r 4 - -
- B 15y Wi [ St [ 311 N LA S il iy 13 ¥4
o -} B [ RUN - -4 -t 14— | +4+—¥- 7
iy - IRt ] o e e b x 1413
o ey 2 1 % 90 g Siu waap SEpEsS R Samini e e S oy gu o gl o
= F1 1 o £ T 0 S 40 U e 7 00 . - e T T
A Sved —i iy g 2 . b G it Bl O
R 5 —ti 1 - 1 X ] s -
— Ly e - - 4-4 4 ] 4! -4 ) S - . Y - - .
[ 7% oo Ay o 0 o h b SRS - - Sl ey : 1
iy o wid s e me e S B s o Pl Jodabaith 08 I S it B60e O S
U i Sup G0 e o |\| i a— 3737 (0 S R I By 17 — 1°373 17 p
St - 3o T13
T Gl bt R qrapin sajid Rl ISlor it B i) i e i1 i e 3 et e
S Rl 7 s - 4-+3¥ -4t i) -4t — .qIA‘.. b o T - i
Sy Pt -1 ' L+ 3 1 -4 —_—te LT T — 4} 1]
4 Sl Sy I SSa0t MR S R N ok M 0y G A S S Gl Spnc o S I b [ e Sty 06 i s O W
g Fi H EEER S I Eust
, e b
PR IO S ey S i i S SRR ) B W0 S S 3 N e
fi o in - B S S5 R s v A e ) it s B . ) S el Saru o 1 .
s E-] +4 - - 1= 3=F o - e - D bl d
o g iy = o gl et ey o 1 [ e el Sy st 6 8 . MR- ISERE N
] . e T— T g S > g o oy Sumvs patupeper Y I _  — T t
P pue il P oy Sl R Tl Svman o il 8 7 SaE R SR e S RN 21100
" - =t 4 —_— 4 —— - e —y - L .I_'\ - - g — w -
— . Bl W M Y - -F1- R Y I Pt
T — I i o am . = ik et g y I
4-F — —1— : J A i S F-g—F J = t 44
PN VS P S i PG O 19 B O 3 - J ) Y 43 1] JESES S —— L 3
-4 5 4— — g = h bt - b4 ] S A '
—1 08 B o 3 g S g St h oE R T S o e S o 8 i 0 i o 5 o et prs s e el B
S Sk el 3 = R O F R : I p Fi3+ B e S et el u 88 O
] ¥ " N a A Al iy Ay 39 B O
E P w pe g ity w gy i S [ynE ¥ b — — 11 B = S ey i G B i S
W - 1 g o —— - — & —— - ,Al. B R 34
4 4 b= B B A A ~ - F ~—p - —f— - 4] -+4- S SPUNINEEN O B i - - +——f -} - -
K g A Sl e o — A -, el —h- hod - o BT 2 ~ 11— r
B , - L) N
- = SR~ NS \Y) ~

L

< ' TR SR 2

‘L YFAIFOFH Ol SLIOACNOIW

e ,. LN ¢ | ;! 0, N e
- - “ . M Coa - v

éo
SUBMARINE DEPTH IN FEET (ro KEEL)

L




- ) !
| . .
» b . | L
; . - B .
- “ ﬁ r .W .”
m i : « ‘.0
o ! 1
- +.7-+ M) __Q L. [ S Y H E
- 8 el e p i " b e PP —t - 3 w i i e o Ly oy YRR SUw—— ¥ TES I
] SR R R R R e m s S S e SR aa R e S S ] S 3 o
g LR S LR < -
- T 1 s S e 1 g i O A o e I B R X Y S 2 Fo A3 ]
& R R g e e S s BN & g o A, AT ioed i 10l IR N (e e e & O 1 0 % ER e G I o S P\
a2 8 on s S o B ot (8 100 5 5 & o ¢ [ s el St B I 1 B o 0 OO O e S S 11 TR T L
§ N Bk Bt B St e g o Rt 18 Bl s ol s SERRE & AT
g R il o £ 1) S o P e i s b o e ol ol (e el S e { K1 18 S S o T H T
2 e e e e B = B I e s Sl o o B e S o o s oy s 34 8 S s B S S B I SR
8 B e e i i G v g gl Bt £ o B e e M B e S e £ A S R L} -1 = O N R A
" R it = I 2 e S g e Sy e e e T 1 =9
. R HE A SR i Sl o e by B N L S5 AP SR (el et it 6 & 12 0 s SRl S & o : : TN
4- Pt g i s ol Sopven. S mumnan B S S il o r Tt —t —=1 1t 4 +t+4 P -+ - 1 4 . H ’
SR Sl Gl P o JW..H,H_. | s e s it 8 8 A G 2 18 75 S s N5 R Ptk Sl B +5513 A S st e N\
: el T R 5 o I S B ik i g e o e 48 o 1.7 14 S ) G4 AR : ~
| ] R i o 0 8 ) S G o W N S 334 4413 173 s ot - E . T0y. :
: T T R T e FHR £ s &
RGN S Il = 1 S B B ot iy Shee il o oy o S I ot B R 0 ¥ 51 S IR SR ISR & 3 O N B N -
] L : . iR o - H T s T 3 Lo RS- LA X
R I = S o et S - = s s 11 - »
) : S I e ~ F i S SR Sl S 56 : Ti & g L
i NS B ; . b1 g LI NP O] : N _N
RE s B S T HE o = 7 T
& e T e et ol B o SR SR SRt g i P R SEES - S IE N R I © hd
M T ® <+ 1- -t \wl.l“\\'i],|. [ ¢ ..\n.. - : w‘ivl T -
S AL LT e her s LT W ‘ A
e L. - i - - » . 3 . P
1 iR = B A T A SEE e aa MY
%1 T R S ‘T : R : A .WL 11 o
EREN ; : EIE R Subay fsenduent o of o Bt S ahow Maatk et st SRV EEERY X
45 IS IEEE AR R R e N
. = . T . - 1 ] — B pe
[ A - 7 . H 1] B . - 4 - - 0 v g -
IRES N EEE BB I Hi- L AN SR ST SRR \$ T
43 e = el o N SO .
4 SiSE B g RS R R ] Rk L
: L F1 —— s S A i Q
kot + 3 - — : , -
HEE HHEER=’ j T T g
IR | ey i Q
BN L..,\ oy H BER S SR R 8 O SA B S S B :
=L ..Wl“vz.wsxth =3 SN o , Eae B 5 Bl O Bl IR0 S T S N Yy
¥ iR o e H R $
f 4 4+t o=+ h . - [ i H Fl g P O T -~
| SE RTINS = : Bay SERE : LI ER B S
3, SRR R S 13 3 S e e &
1 _ : gL b [ I3 A7 - 1t . S ; i ;
Ps 3 i TF44 T I s b LON G Sinas Sh ol bl k] m< 1 i A
4 : , i — e b3
| TSR & M IR IR R TR S5 DR I R R
. . FRHN el = L] N ) )
EERE BT = 3 ,;L& 4 bl Snovied & s S5 NS T M
By == 1 i e ¢\ g I 10t : Tl
i IR R EenE: ] L
1 § i -2 o - z SN RIS T
ISEERH ﬂ HEER NS HHIEER R N
: , Sl S S S 5 55 S5 N SU SRR
] H 2l SR IEEE B e B S N A
11 i SEE A AT 1.0
: +{— .H ! W E ¥ i H
. : e i EEN P SRR SRR :
L e 1 SUENIRN ERSEE IS RO N L
Fii ! , Al TS R Rt 3 3 0 B R S : :
S P SR bbb H Lol e : i
vt St == ;
” - = 1 1 .0
Q W ) ~
_ -~ , | M ~
,
& FA/S UWQW CL SLTOCAONOIW
i i
_ - |
Y H
/
. 1 t
) : |
1 ]
o : _
_
i




SI6NAL STRENGTH WITH.DEPTH . .. . |

*

- NES ~IS.94 KEY' .
. .S:30 AT SMITHS POINT!.

- F

L NISE

WAAS E

NI RE |t

G4

)

waLs s

c '77%“f

AR

.
1
t
+
;
H
) W
i
1
t
t

N
4.
I

o

~

b

! 2" - .
S NI %uﬂ\w&\\%kwq\_ OH DIV MOTIE qp

2

oo ¥

G

l00

SUBMARINE OEPTH IN FEET (To KEEL)

L ATE 7 .



i

Le

SIGNAL STRENGTH WITH DEPTH .

N8BS - 178 KOV
S-30 AT .SMITHS POINT . |

.

O

. ot LT =
1% SIGHAL/MorsE

"

1

- wo morsEl

=

SIGNAL/WO/SE.

%

i Lo
;

-

/00

SUBNIRRINE DEPTH IN FEET (o HEEL)

~ N N
AN NZLIW S SLTONCHDIW MOTIF ¢p
“ I

PLATE &




+
1
4
B
HE w
t
i
H

)
T T IR S en Fas o . ey Py
; ! ; : i ; . RSN _ “ T
: : 5 - , g - M
T - it P w,«“.. mrmeb e Lol e i e c
- ¥ ARSI K - : | :
ORI oot s i Co-
S N ; §
A B ..v,,,w.vvpu?,lﬂ._,,,.:w...,..- T A S _
o b 2 @ -
N SREEERE 2 - % L ; : 3
T NEELEE (0T NN SO S 9 W
§ g e s 18 ¢
T T e . S . 1T X
k o Ot SRR o Q
N M M: RUURNUUESUE SRS FELUNE SIS STETAE RS SUCTIINY SUUNI RUNS SN L =
- SV. A R T D D ~
P L .m.._:”_u..mm,f ER
S XX T e o
- .MW“ ”‘-n u. p' L Lt e ..” N J1Q “
e R GRS ” i g
EﬁA.S: ! >
: R.M QL ‘ : ~
TR § RN T T
P i 3
. 3 ,u w K | o (pc.‘
s _N/ n. S B . 1R g
< _ ! M ..MG
] a ceeedes [ A Yy
P <
@ &
<
Q
J
"

_ S VDU SR S
SR ¥
t
........ !
............. !
. B N T + CIEE SR
, : ! A .
: . : B o M i
T . " “ ) 4 . PN 1
: : : i ; i S (o)
AOUUURE SO I e ; : - i N
L H 1 i * H ’ ——— + -
, ! i _ ! A ; I ~
. _ ! ; ! ! !
; t | . . ! .
o i : : : . B 1 !
- ‘ : 1 , . 1 i i ;
[P [P L —— e e e ——— . v — S —— —_—
. i » ’ - [ ] 4 - . +
A - . 4 ’ ' ,. '
. . . ¥ o
i o . ' H iy
! —t i : : ; . : Q

SEESIEEE ISR RN
N Lo BESEI IEORI R Et S . . . i o Ll
- e
S A 2 3 ~ 3 3 2 $
S NI Y TLIWSLTONOYIIW MOTIE 9P .




i
t
|

A
1

]
5/6NAL STRENGTN WITH DEPTH. .. |

N
e
.
e
titn:
I
P

i
o

‘.‘[i{i‘
t

)
+

1

3
t

5-30 AT SMITHS POINT.. .

WCT ~/8.4 KCY

o
. i
. ! T
+ . 1t -
H N [ .
4 .Q ..... h R T L I e
i I DR U '
i b ! .
- e .I+| B kS et S -— T e d———
+ . . A _
4 ; . 1.
............. oo LU
i Y M . RO |
RS i L : L
........ ! i
IS VOIS SSS IS SO S } 1
A STCRORS o ; [ A REROTE S GG !
, o B T

*

P

Wa/SE

s
4L /NOISE

e
GMA;

TR

}
t
t
t
!
i
1
|

5/6A

B e S

a-/

1

o b
- s

/

L
. o

v

PR

:
. : o B
. :
: : . .
- . ..,
———— ——— -— A — - PR
! :
. i i o .
. ! i - .
e RS r . T N i
a4 - . . i .
3 ... . i N
ST i 2 o : :
' i i E S ¢ 7 -
N ot H . . " t
T SRR i i —i : Lk : :
S IS SO U S - bl R I
> s o - . 3 Mﬁ T
{- . w1 . . © akdi
..... 1 . 3 . . H . M
i o B i | i .
'*.. v e .- Ll Ceae ey 1 + e
N b - H m : . !
R - . h ' H :
- N T S 0 G ST VIS SUUR U S 38 . .
; , ; .
q . ~ . . i
<1 : . !
. , iy : s
' , B
, : i i .
. : ! ! g

end

700

e /i_..._._;.“,.__‘a N TR,
SUBMARINE DEPTH IN FELT (70 HEEL)

!ga

<o

N
N il

Q Q©
R ¢

YIYN HILIW /SLTOAON DI AMOTZT qP

Se

PLATE 1O




S/GNAL STRENGIH WITH DEPTH .

NSS -F2.8 ACY

e . “1.4(.4:..I.J,l...ql..']li.|1nllu..lt\¢r_vv.l.1¢4,v1¢>«1\1;{11n. —.em |.ﬂ|,‘. — - - - e ——— ’ et e et = e e
v RHTINS ;W oy m ! : |
& : M.- “ .. ” S
Q, ! e N ) N '
< F. 38 mbe =i R
o U NN SR o
X e
M - ) : : o
3 : TR PR R
-~ T :
<) Lo :
R N S MW :
- e . e e e e et e . be e et e e ‘
AN R : :
b Lo ‘ x; P
9 S , ‘
w
Cu‘

48t
56

A1 NI STLIV [SLTOACH DI MOTFE G P ,f

/00

SUBMARINE DEPTH IN FEET (ro xEEL)

PLATE 7/




7.

SMITH

Yi(

A0 L0e

£L5 3
or
Yé

ON, .
it s

ar
K&

B

RELATIV
NECT

- e e

e

T .
1

 SAPEA

As Fy
HE

‘

,1, . :YA
" haa

e

1
: . S
e e e i A R T

S OIS SV SO

5o

T

i

!

royf
F

ot
. t-

i
i)

LR
i

3
.
h

JESCTNLE GRRON SSUS VOR

LIPS A2 5

BRI

B
BNt

b

~

L d

3

HIONIYLIS 01714 A

1AV 737

DEPTH IN FEET (TO CENTER OF LoOP)

PLATE /2 )




! ; cot

T N

e <

IO L -8

R
S-S | |

R

Lx . W _ :

“o‘T,ﬂif ,,

Y 9

_M M“Nw m“ Al

AO% e

- '~ !

]
t
i

TED F
ss*ig.m

o

Pwe -

RREC

TIVE. FIELDS)
0

OFF VIRGINIA

CEL T d
R UUUR S

co.

4

g

LOOR DEPTH IN FEET (YARD)

AT R, N S

HAONIHLS GII/d FAILYIZS

. o lo .
- _ ! ' ~ . m

v
YUASD Siooe XIAOD




1 N .
i i
¢ L3
&«
. ~ !
R SR A S I T s ot 5 0 3 I 0 L ) ol EE RN o A :
" _ ‘ mlJ 14 _ el [l et 9% 200 (N S § unwwr. . . . _v T A”F
: : S A e 13- 1 i A s 2 2 ol el e S S 3 O s
RS S 2 B e Sy o e b e o s S e NELE T T
RS N , yrbidy b e PR ARt R S N B 5 B Do Ti
S ' ; Y G0 A S O T S o TE i o M L
I - - I I i Pl (M 441 - . % B
' - L M B -~ Bl R e e S e . } - 4 4+
I : —~ 3 e u 4 )wa N - —_ - F ' ¥ - 4 4
- . [ - . ipv - -+ Rt S EEE T : - - -
ST L 8 1 S o B et S B —H
o - I HTi T S 0 ST e S - 1 1
‘ : it 44 e § 3~ - H 1 1.
S R GRS AT R R -
i ; ¥ 414 b - :
m SRl Tl wmw. kA i 1
e bt et S - e—HHH
0 S Titazb oy o £
RN S - 1 - e
ibet 1 - R 12 ;
1 s B H w - .
/ R 1 " i i
e S O I S i il i
T fr[ } I R .7 :.AAI
b . HEE T + 14
1 prd = T
iyl - T D O 1o
2 B MR IR Tl o . 14 Lo
: REELE R T N 4 -
. ﬂnn) T I va {- _v“‘%. - "\ M - - B
- S Sun AR AN e R N S e R
3 N AN 1 4 } e 1
- 1 ] = 4
A Jw f
The ! 1.
'y 1711_,
N
m.
T

P et
s P

F 44

I—:-{— LR Ry

T
e

ba

=
|

F AV ARV IR

A ¢

4 - - g !
: T O g : B I Sl
, ! IEH NS RN - ISEER I8 -
. — FIY il " g —
. ) .?1 m N it h‘l._ - | ﬁ 1z
300 B3 P B g ST N Sl
S T o St S 7 TTrT IR A Rle Hude =
f 44 “ “ 4 [ | [ b . ﬁ_ﬁ ]
BRI B e S vLid N A
¥ LR S — e e T T
wt [ DR P ST s i HEEESE R (a8
N DI R I 4 b BT IR B . IL ﬁ.._ -
R YU SR Y SRNPERE S -4 S R L |
M P S A S S P 1T R EEPS I
. 1 s 4 FIE St PR | S a4
' + v 1y . L3 Tiw..rA 1.
wl bl R H E 1.t 3o, JRL bt . ol

IV NI WLONT

8-

¥YLS Q7S y

1
3

o]

SUBMARINE DEPTH IN FEET (TOo KEEL)

PLATE (4




4§ , 1 i
S |
[ ‘ ! |
|
| . Y
uf __ i . | e
SR IEEEE B BRIy L : : i .
ISR fIiE: Tm.\un.._._h..ww,‘Nh--.uT-LN BRI N H SERE Wy
SEESCEEEED 8y o s s 1 O ST T = S SMEURE NS NS L 5 S0 S R ; o~
bl Lo L LT L H T s (RSN S <
sHSNIZRNE g ¥ NSRS S B I I gt ot oEe -l RN R R A
HEL I e -8 -1 b T TFIE AT 1 T 3! ] - &
] e s E IR NIRRT R s A §
SEERIETREE INAE SFINSY 28 S M e s SERRA I S y
1A TN S ]S Pl e o B EEIR O B B s & 38 SR R 0 % S T S S R = SRR =
SR : S ' S BRI S RO S5 I U S 1 % 44 : Q .
- - : - ! biites & b o 0 0 R H 3 W : : K
IR T T TR Iy S e A
: -1 SESES B & 41 w [Py N S ! . . N
q - PR SRS I 5 CH AT I IR S X P - dopl oo Q
;- 0 i I BT ER il B 3] ISR I e S g
4 BRERES: _ i RSN feals ,WV.- TR P11 o -
- ; t P S R * b1t D 1 g
L S S R b PRy Tl i b Y
7T SN I -, 1T e A/ Ty
iy SRR SRR L 114:]i b= 'Q N
t . i P ; BB R REE : Q y
, ISR IAT G S 68 N EE NI B A
rheda T SRRy N P 2
. . H -+ . .
_ NN : IR Laift X
i AR BN R iTTS
"0 Wi, *N S QR SRR 3 U5 20 B U O 31 : ’
IR ANGN i .L - ot Q
NN T T T T T T e
BRI ISR RN L:-.ﬁ ¥ SRR N9y
TN o T M el Q
5 il N T R "
1 - ” L !
IR R Jo PN it et i
- RSN L
: Ft o , ~—11+ S0 SR O
i RN B ML WSS BT L m
E [ e e E -+ i . e
: g s B .L. ST T R uw I
. P A -} 4 EEER S ek L L
: i e e R PR R Y EIE SN TR T M M
14 : ST mge oo . 3 155 T T T T
TR AL e EE R oo e YRS RS : R N
HR B aner it SRR I FR IR NS A ER S RO 11 e b i H S
TIe1 FIEER NN ITEE DR RN L.u_ww“l T EI AR R RS a pe oo 9
_I:,l i 11 . Pl SR TRy B - i R M o S Sdhent IS i I B o B s SO Pl
S AmE T M : " —T SN 43 S e T - L.l A = oF ,M.JL
NESSREE BHHESHEN Tl T R PR YT
i g tranda : e _ -1 o e S
iRE RSREN I N IR N St B R ot e i
_ Tl - B R I SR A QD Ii3ert 1ot i
T R o B i e e , =
- m hy\ 37 m. W - \M.ruw“IU.Jh w....l.!'lﬁ. -3 ‘AH‘\ - m oo ”w; ﬁ‘ i s ) o
1 A [+ H R S R gt W ) 1T PR G S . R I LT !
FEERNE SR TR ST RENE BN EET oo ;
Ykt ) SR et NS iRt Eaat ! TRriErs o fib b HE S DR Cd

N

. ~ “ |
« ; f )
¥FLIW/SLTOAOYIIN  WIV NI HLONTHLS @731

+

3LLIENMIVESVYIN "QOCMEON "AN] ANYLAWOD HOOA XIJOY



b
b
]

r

B LT pore)

g

B N A e Lol e TN

1000

[o]

(2
]
Ty 207 i
ﬁﬁ BRI SO A . -
-k S S S 125 i L §
bl I TR SRR SRS & 1 N S Bl BUS S o -
_,A‘ N — _r - \|lgw - 5 . * -
R - I S 4 ) R
i P : L 1&1 IR IR
) 4 N 4 & - — RS .
Tt R e tnn : - —1 AT M o
._ o : ~ U : 4 T iy e o
L L AR R 1o i 2 W RS
i I N + 5 i 1
. RS By X% R el N 3 It S
b i TeR T
i [ S~ W w 1 -
o T 1 1 B :
N HEES :
. X o 434 N b ] I P
e PR LT R 4o
X SR RS R v it
: \ﬂ_—f L Lo 4 SRR
- SR~ 55 SR b
o g - <] on™ e S — - T ]
: w X ,AUML SEEr - I
AP SR ! - R .
. . V- ¥ - : : :
R : IR EE IRERE
+ o — P — 9 - B e e — . a4 B S
Y : SEE R R e I o
ey i : i ! { B S Lol
TN TR T T YT
[/ I AEE
i ! NS 55 UE ONS IS [ IS R SRR
i = SERaNE R - i ; N ;
i RIS SR Pl i B ﬁ,
- LT ; i X
M . m : ! I.T ,. b : RIEDE NI
{ ] e B S B I[I»./.!r _ IR 5 SR T P s S
; . . o : ; 1 ;
! : : " 1 :
I at - 4 TN : !
b R -~ W S R
BesS 1SRN HilE
. v . - . i L —d ——p - 1 4 B
HE e e o i o e P L
R i [ £~ N RN
! P ot T i . . b
R T D SES RN N SR
N “" R ! £ DRI T B SRR
Dige L@ N p St : P
,,Lr,‘.... . s . H SR S . . _H
IEEERE SR AT S
' . . H i . N . . - [ R——
ﬁ S SRR R e R SR e o IR
o : H i P . S P 1
o i i i HE L3 P i
Sy $ ‘- ' - ———
e c 171 L HE IR IS T O
P ! P : 0 . Dol !
I H H I e = - - - - - - + "
R ; A s ot e : b A
. ., ” 1 . " - B I . L_I\ m ”
Lo L B _

O

&0

40
SUBMARINE OEPTH IN FEET (ro KEEL)

&0

20

*

PLATE 16



4

_ &
- -1 T S—
s .
HERS : ¥ ; i
St i =
. 4
' 1 L3 {
vty 4 o —
I L T L. B w
4L I :
! S !

I
'

rre

1
L

T

t
|

/00

P N S
o .
! f
i H .
NCIVIFOURE B SN S|

ki
]

.

<
R ONaN P
B G e e ey Tt

et ._.‘1',;_ R
T

b,

R Aea Rl S "

'
[ S A S |

&80

L Lm.l. I
R 5 i
¢ ] S TRRE _ _
AW SE3 5 SIIRE R
v N T b e
T o ia Mv._” i x 1o
o 3 T "
i 2 .y - IS SR [
TRitE R
| 1! r HEd s
-4 ! e eyt & S
EASSET it 3 T
23 T i EE=
- ..,wu_ M.,Lw!.l ity ﬁ@.
B S a8 ST o o
m ‘- ,A P S Mgl w< IR = | ‘...u. vu...,!. -
- L . - 2 L T 3 - * _
3 EREAER _. STy SENENE SIS
NS STk R
R , - 41 it B e P
- r‘fﬂ vﬂw - - - = I.Mlﬁuw ‘_.t A.,.u! ulh.iszu _.1_ '
SRAEE 5 M Al o g
B S SRR = e b R N
R . EIhE: -
‘- S I T - I S0 0 4 110, 1t e Lty
L b +- iup S s S b8 e i =i ; 1o
H 2 Lty
T . A o
bt ~
NTLINW,SLYONON DIN 31t NI HIONIFHLS T7319
o, Co
) 7\
I ' , .
" 4, o .
: . _ | ..W ; i ! ©

-~

«

SUBMARINE DEPTH IN FEET (T0 KEEL)

-
»

PLATE 17




1

]
L

,
A | ~
(3T % % T o3 aq— —r3§E R Ty ; ! ; ;
P ERy f Timrgdape s m ] 7] — . . ¥ _ow.._r.. S Youmin uer U W T QY Yr~1a g e T
{ i~ I &) g B SRR A Pl i S 9 1 h falh 3 St -+
RAN N = RS ES 5 T - [ S0 T ek Sevions o [ e o | o S8 S Sle ey o
H : B HE R e e s
SRSEIRIE NS B HEERNRRS s - - s s o o S
P . E ) QEIINDS PUNMUNGIE SN S S BN 18 by 1} i I » I
Kt F1 1 d=dr=t St £ ! b 1 9 SO R S ety by 3 - i e T
¢ II 2 i o I el . Sy 0 i
pm— P s sy o = g e
4T PN ERSTS S 417 1 [ q — b— - e
LPY 1 .‘rH R IR P & o | ﬁl.uv ) Tt ) S Do O s i o ot ) e Dy % 2o i ﬂ% ,,,,, - -3
Eibe 4 ~ lw - SR -4 -} -44 L A P! .( . - - il ol i e —— 3 [ -
+ R - -1 -} - —F e o ——g JE ik v e - =
B - : o T. i g Sy S (nants Sutnmgier 5 0 B 00 A o . =T FioHs - 4
IR R RSOSSN p Bl 5 O e i o, SRS oy et ma H i o i
= IS PR SER RS 3 1 - (LR M o T 5 oy ol Sy Bl vt s R 8 2 Rl mb e Q
3 T1 S Tt et -1 11 - - — 3t At id b f—rt T o
b e ~ o 3 R an - - B G 3 . i g5 0 3 S T RT 131 L [
. 1! * IL e ﬁ gl o At b R 0 ot w.- i N SN U, W a m. — lr...l_.[.\ Tt{\ a — —-F T 17T o /
g : S gt P St v 1]
-4 b e o i U iy L f - £4 D ") " “t - -1 - 3.
gl g B T e gt S i S 06 W St oy 1. O et 1 ol il 8 b o o B S e s Tl e S T T
e 2R IR SEORY 00 00 I Je 0 VOB 0 A Sy 3 o 9 4 s 8 O e — - -4 -
3-1-1 Y SN ¥ I ) I S . S S SO - ¥ t—t 1t et Y S A SO A B
i 9% gt o o 1 r
4 4 —. [ T J - [N —— - ~ -
o jo ol e s = A = S [P B S0 i e S e e 1 i S g0 e
JEER: B e . S i a e Oy B i e SR S S B 1> S s Ehh ‘
- s TS e s o e S I L S +4-FL 5 ity w & o il l e O
ZRREY 185 T n WY gy N e ps - - ~— 1 3 r-3.
-1 R e Rk i f s T 5% S 00 S ol A0S S Sl s & ok 30 G 0 o 0 A o AR ARE
R - - SR, iy PR . P % N » o 39 1 —t - - [ M O
L, RN AN Sy (il e S it ™ 4 [

80

SUBMARINE DEPTH IN FEET (Fo KE£L) °

DS SN

T
'

T
L
g

! 3 a
i + I [ - P
: 7 B . - BN IR
1 1R 1.1 . ~ X i
: gt ] 3 = B g S
g b NER ™~ B - : i . -
B — SR - - LI T B S S M. - :
A”__ b st T R S R e e CE S B 1 e e I
.55 et S~ ey a3 1 58 0 208 ot B 2l i £ S G v e i Soulol: Gl 5 i 8 e gl Ty 20 o O DR
; i n i Bin g 4 b gt 6 o W 0 Wt 0 6 G U0 A o guiter Sl B 8 s o 15 0 i S
{ t+~4 e . - + O T Y - -4 F4=-{-1 3 - - 4 - - 4+ - :
e R — e - .ﬁﬁ HFE I3 Y o of iy G e
ot -] B G [ & 10 O N BN v 3.0 \14.#!.#.1»;
& w 1 o A SO SR et bt 5 15 S8 248 A o B bt e Bok
iy R i e ——— - -4 -4 -
o s B e 3344 :
3 S e g S A 1 (1 iy Py —~t— p ol es §
5 S O o St S 1 ] o0 I8 15w i SREEEE:
s Tt el e eorsy SENNIRNEL US-SF N JN DD G i R —I n ] !
u = Bl + - T+ -1 13- e ij — 4
0% e A e e b o g . S0 G S
S S S ——t = -1- - Jl,..ﬂ.
F S N fpay: Ayt (e A A0 0 Sior B 30 QU SN g Wt (A g
JES G G JRiin & ERN DS i § Pt 4
. 4t = e -
. R L AL SR T AR . \
- - RIS eyt o e s SRR T o 1 3 e e Sy G gl i S s .mw
T BB gt Sape g geTRaw o B i TF o === [ g o .k e By AP M " , T
- L I o g Bk =k el O 8 B S I S I o St SRE B [ B e e e ek 1 B e 51 20 O S ) EpsE
. gy -+ oot . i gy s e et 0 06 1 ol O B Do e secymies 34 4 o ol 6 G e i e i gl b B B e 35 38w SR ot Coeits nnt ot
+¥ 14 144 - F e T3 i P s ol 0 T E PN SN oo Gy g 15 I S0 . f
/ Rt e O e e E S SE L RTF o8 g o oy i ol Sy et ol 1 5 (o e o 0 g 5 5 . SRR R O e i it : 5
] - +1 = BRI G I O RO ) 22777 I e W 2 P [ S R W 55 G g o T 0 P - .
. - - - - -~ P - —_— - A B S \Tt.. i S T S JW ﬁuir S Y WA . w
HL\J + Jit it —t L D . 4} 4 - -4 4 F—4+ — 14 4 b4t 4 - o = ShE L +
SRR L T o i B b s i S 0 C o oo e S B R+ ki SR ot 108 1 S K B O e e Pt ol O o B 0 T -
JEE N o o SRS, o2 W Rk R = I I =] e e St o R R B o s e Sl et o IR R S 1 e
3 R R - -1y i3 13- W S 4 - - be S —— -
I o B et it of £ g e B i e S B 5 e e oy SO e ot o o S ot wrpen: i w [ B A S ES 5 B 1 o
s HEP R ey B [ 55 08 Rl el £ o e o ¥ 4 5%l e U S R I s e b S SR S8 e s e Sl
: T i
IR IR R E R e e b 44 b e I e i (RS iy iy fon S i Sy 95 S S A ARy S -3 —] -
D o B S fet: SRR JUUREVIVE B i 0P gy S i N S0 S el iion iy b e R o 8 y p 2 & 7 0 o e S Sty S 0 o e T e lﬁ -
ot g W R 0 i Hm,wm St b e i o = B o o e o o o I e it Ay A 0 o v s vt ol - 08 A 08 0 0 A o il 1 Rl b S
p ol i B A o o g S e o B 0 s o ol A 5 58 T o 8 O R e o e
b { - — - -—— e = - H 4 - -—— Iol._ SR st Sttt
ERs Eroles e vl of U505 5 s i S SO SR Sttt o v 3 T i g s et o Bt I B — o s
. LR R SRS un i 4 Sy gty S 3 8 5 1w it o 4 /3 ot oty il 5 b S Al o 38 e i vt s st e v i Il R S o YO Wu
Fow Ao i-9 1 - b —a d g R §— b - %. g — f-—— DA Tiﬂ.\ !mum.“. - iw. J‘rl =1 f~—p- SRR iy 110
e

04
o 7.

1000

e )
- S | b m. -
o > B

o m, : o
e - YIUIW/SLTONOY W Y1V NI HIONIYLS I3/

[y

_ |
. ] - 3 i
F] / = ' * ;

R I _ : , L °
oo , C N ; . N .
L | R : S % . r

|
i

il
1
i

PLATE 18

L



Mu_‘-(‘ﬂl 3
L “ TR 2
RSN - SR ETE O S B SRS B iy 18 TR YT TR
t‘. J -1 R0 Nt S A nng o N ; ‘ [ i £
T | S o Sl Sl et SR & B o B R SRR N
HREE - KRS S IRE B8 I e
! : | 2L 13 1] . + ' ;h. i r A
ISR 1 R S a R L N
JESEREs L e ERIIEEEIRE: L
T R 1 TR oA, R
SHEN . . IR = PrLt
W _ NSRRI HEe ERERSE i b Wy
L L e I B -AJTUT RIS et R ..w.; S B T
BT > IR T e
SIEEE.! B R NG e NI IR SIS EE X
bﬁw ! Do = e T S e ML 411471 I B anls IR
SEREE 15 I R e R R s i e o e S S
SRR I e W K B SSC R S & 3 ST 1 A AR S S P (g
i _ #rt S R S N E SR E B SE S D il & ol e B B e pa e s .
‘ DI Rl i SR I NS R : Lok :
ATA.._ IR _,m&mrnh At .\.u“ o ; ; Tt . N
R X o - R IRl R I . - - .
I ..ﬁw ﬁ_ ._ . T -1 XJL - v%A1uﬂ Pl bt H .lm; AN H._ f
_ T TS SN R ! 4o i 7]
i i _k .,.“a - - ~ ~+ i d ot ! F
s e IR N 1
S5 - AR R a e S
N & 1SR AR EETE R ‘ T
4y - R 4= — :
W 3 : gl : -
: u ] S w Afed b M
» L oy - 4 [ S T ?q!iti r - R O B A P
N i or l:. ;- d N : mﬁ“ . ] nC
N MY - B S 1 Q
w0 v :
. NN ‘»v T .....|st 4
L »m P A [ % [ W
R LS T R
Qg aRiis I R
T T g 11 ' R
Qi il ! ThE SR RGN 3
SRR 4 AL ERI IS i Tt 3
.t L . ot - : SR 4. - T ;
R by RSN i S AL B 7
K [ . . ) ) p&. W
R BE S . : et ] 1
i BRI
Lorid : J - LR
rrT - IEEREEREE !
. -?h SRR
, l -+ } B 1 ? ¢
28 L b . ‘L,ﬂ, k i
i _‘4m .uuuuwf.w;#t.% h .
4 1 ws h“ H ! n~

T

N IED VN Y
w YOIW - IV Nl WLONFYLS G737/




i M AN Bb'S/ - SEN YILLIWGN VYL ,
,:\)\G\.M QN}\WQNQ ?6_ :\QK.NQQ V7S .n:u k.u.m.u\ux.ﬂ

- anIn 2d¥D 440 105 —E-S

MILIIV LNALNO




R

-

At

C AMNIH mm_mu 240 :x\ m.mz; bm.mi
. u\{ QR"2L ~ SSN MILLIWENVAL

L L N T Yo S

Q$

[T T T T T ey rrr e s

._.

v m— l..QL o ——re

~
!
!
‘w.m,ﬁ,w

S

3

BRI L

. ‘

, Evtq% twu

o¢

. ) o¢,r oor

. ..1113..!.1-.Li )
B + '
v :

?Qq VO V0L LOF VIS 4O JIFSAR

K

LTS Y ra bt

i

HFLIN LNSLRO

A7E 24

e,



faQ-P METZIBEN

e

r%n_. Py

(GONE DHFTZ
T e e g

GRAPH PaPER

.

[

FoOLAR CO-ORDINATE

®-

NoT RELaTIVE

< -

]
T

\ﬂ‘_‘l‘.

+

T ] S
Lt £onTan o 0 01 il 0 o gy - 2T -




,wﬁrn.u xd
‘W,

%
&
1
i

2t

e

S |







H

SEC3 m oA PRV & .

FIANTAR Y

VS TE A £f%i-"\f‘ré‘fc‘
A ""‘"‘é%";m\ i d

A B ‘_t "“t’/"»-__h-,/)'
Z T MUY BN UL T
EI T AICALY

I IRON

- AREAEN T R A HEZN TV 2 A
/ AW L L T

Z /‘/2",1 #/" -z’/

EL TS Fas "f

JAB 0 A7 //
SLETAIAR Y ~ ‘

3 rs /(, P

P50 TN ey

I

e




YTV
S SIOA

N
8

» S
. st
Q/.\/.‘{"y"- VA NN

Cbs AL
GE_ECNA

S Al




Py ,O/A&g;/wyf CF CONNECTIONS,
_ “

L
lr . L
.
* o
N
N
Lo
B
‘\ .

A - N _____Q_‘ff?‘/ S

%

1’

{
=) %»1 AFF C L FOAE Y

o
o
\,
et - e e
-——
[P

}
0o P i *
IRERNT |

el i ff »

NI
A h G {(‘

Lo )

VST U
[ SR

e iro WAETER)

8 TN
¥ }C C/ 'L o ?
19 0 ;
LEL LT T -
. PN, |
) S
" . , Eey
LAE TSk - : g
VIE LA [ o ll , Ll '{::’/u_ ArIE
fSAL ! P i T BANK
- P ;
P e
i ST,

[ooP G ER

[PV S———

J
L

5

e
FECEINER

7O L ORE -

.
i
t
i

)

e

BAL LA TIE
RIS

PLATE 27




cu’!iuznATLUn OoN THE DESTON
OF UNDREHWATEN LOOPS

Assume! Inductance appiotimaiely same fui s s =0 eas
1Y signal/ft at top of Loy
E Froquency .4 Key.
j{ From Plate 12 attenuation Le tx) YA 0 o A B T
Attenuation of Valtage T Hai ¥V .itage

g aigpal at bottom ot fom of auvE e fat
| 4.7 OB R

4.75 DR L4R “

1.%8 R a1 .

.
®

~

"
———
PR P D

pS
Ca

PPy

o rtewl ® g v —




Naval Research Laboratory
Technical Library
Research Reports Section
DATE: 10 January, 2000
FROM: Mary Templeman, Code 5227 o
&8N
TO: D Shumaker-—€ode—5500— & - Kewredy, Code
CC: Chuck Rogers, Code 1221.1 _/Q M‘Q
SUBJ: Review of NRL Report(s)
Dear Sir/Madam:

1. Please revigw’ NRL-FR-3605, FR-1669 and FR-1717 for:

Possible Distribution Change
[0  Possible Change in Classification

Mary Templeman Z

(202)767-3A25
maryt@library.nrl.navy.mil

The subject report can be:

K Changed to Distribution A (Unlimited)
O Changed to Classification
| Other:

Signature Date




UNCLASSIFIED

UNCLAGSSIFIED



